Abstract. Zinc-finger E-box binding homeobox 1 (ZEB1) is an important regulator of epithelial-to-mesenchymal transition and is associated with various types of metastasis. Gastric cancer patients often develop peritoneal carcinomatosis, of which the detection of free cancer cells in the peritoneal washes is an important predictor. We analyzed the correlation of ZEB1 mRNA levels in the peritoneal washing (pZEB1) with clinicopathological variables and survival in 107 gastric cancer patients who underwent surgery and peritoneal washing cytology. Reverse transcription-polymerase chain reaction was performed to quantify pZEB1. The patients were classified into the pZEB1
Introduction
Although the survival of patients with gastric cancer has improved due to the recent advances in treatment, the prognosis of locally advanced or metastatic cancer remains poor (1) (2) (3) . A proportion of the patients develop recurrences even after curative resection, possibly reflecting the presence of residual cancer cells and micrometastases that had not been detected by the currently available diagnostic technology (4, 5) . Therefore, the accurate evaluation of microscopic residual disease may lead to more appropriate therapeutic strategies and improvement in survival.
Epithelial-to-mesenchymal transition (EMT) is a critical process during which the adhesion and migration properties of cancer cells change dramatically (6, 7) . During EMT, the cells lose epithelial polarity and acquire a spindle-shaped, highly motile fibroblastoid phenotype. Various transcription factors are known to trigger EMT (8) (9) (10) , including zinc-finger E-box binding homeobox 1 (ZEB1), a central EMT mediator (11, 12) . ZEB1 reportedly affects cancer progression by regulating EMT in gastric, breast, prostate, ovarian and colorectal cancers (13) (14) (15) (16) (17) (18) (19) (20) .
In gastric cancer, carcinoembryonic antigen (CEA) mRNA levels in peritoneal washing have been reported to be potential predictors of peritoneal recurrence (21, 22) . Kodera et al reported that the combination of CEA and cytokeratin-20 in peritoneal washes may more accurately predict prognosis (23) . ZEB1 expression has also been recently reported as a novel biomarker in cancer tissue that may independently predict overall survival (13, 14, 24) . We recently reported on a significant correlation between ZEB1 expression and diffuse phenotype in gastric cancer (24) . Okugawa et al reported that ZEB1 was an independent predictor of peritoneal dissemination in gastric cancer patients and was expressed in disseminated cancer cells in the peritoneum in the same pattern as that seen in the primary lesions (13) . Therefore, we hypothesized that the ZEB1 mRNA levels in peritoneal washing (pZEB1) in conjunction with peritoneal washing cytology may predict intraperitoneal recurrence and prognosis.
This study investigated the association of pZEB1 with clinicopathological parameters and prognosis and the potential of pZEB1 as a predictive marker. To the best of our knowledge, this is the first report on the clinical implication of pZEB1 in gastric cancer.
Materials and methods
Patients. We enrolled 107 consecutive gastric cancer patients who underwent surgical procedures that included collection of peritoneal washing samples at the left subphrenic area at the beginning of surgery, between January, 2005 and August, 2010 at the Department of Gastroenterological Surgery, Nagoya University Hospital, Nagoya, Aichi, Japan. All the patients had histologically confirmed gastric cancer. Of the 107 patients, 4 had received chemotherapy prior to surgery, 2 of whom achieved a complete response. All the patients had been staged according to the Union for International Cancer Control staging criteria for gastric cancer (7th edition, 2009) as follows: 2 patients had stage 0; 12 had stage IA; 11 had stage IB; 7 had stage IIA; 12 had stage IIB; 8 had stage IIIA; 10 had stage IIIB; 10 had stage IIIB; 10 had stage IIIC; and 35 had stage IV disease. Overall, 72 patients underwent curative resection, 35 patients underwent non-curative resection, of whom 2 patients did not receive gastrectomy due to disseminated cancer. All the patients underwent gastrectomy with D2 lymphadenectomy when potentially curative R0 resection was planned. The median follow-up period was 41.9 months (range, 1-106 months). This study was approved by the Ethics Committee of our hospital and signed informed consent was obtained from all the participating patients.
Peritoneal washes. At the beginning of each surgery, 100-200 ml saline was introduced into the left subphrenic area and aspirated soon after gentle stirring. Half of each fluid sample was sent for routine cytopathology with conventional Papanicolaou and Giemsa staining, whereas the other half was used to measure ZEB1 mRNA levels. The sample was centrifuged at 540 x g for 5 min to collect intact cells, rinsed with phosphate-buffered saline, dissolved in ISOGEN-LS RNA extraction buffer (Nippon Gene, Tokyo, Japan) and stored immediately in liquid nitrogen at -80˚C until analysis.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated from each of the frozen samples with the RNeasy mini kit (Qiagen, Hilden, Germany) according to manufacturer's instructions. cDNA was synthesized using the QuantiTect Reverse Transcription kit (Qiagen, Hilden, Germany) and amplified by PCR primers as follows: ZEB1: 5'-TGCACTGAGTGTGGAAAAGC-3' (forward) and 5'-TGGTGATGCTGAAAGAGACG-3' (reverse), which amplify a 237-bp product. RNA expression was determined using the real-time quantitative PCR method. To quantify and demonstrate the integrity of the isolated RNA, glyceraldehyde-3-phophate dehydrogenase was also analyzed with RT-qPCR using the primer set 5'-AACGGCTCCGGCATGTGCAA-3' (forward) and 5'-GGCTCCTGTGCAGAGAAAGC-3' (reverse). All the PCR reactions were performed as follows: 1 cycle at 50˚C for 2 min, 1 cycle at 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and at 60˚C for 60 sec. Real-time detection of the emission intensity of SYBR-Green was performed with an ABI prism 7000 Sequence Detector (Perkin-Elmer Applied Biosystems, Foster City, California, USA). qPCR was performed at least 3 times, including a negative no-template control.
Statistical analysis.
Correlations between pZEB1 expression and clinicopathological variables were analyzed by the χ 2 and Fisher's exact tests. Disease-specific survival (DSS) and disease-free survival (DFS) were calculated using the Kaplan-Meier method and differences in survival curves were analyzed using the log-rank test. The Cox proportional hazards model was used for multivariate analysis, after relevant prognostic variables had been defined by univariate analysis. Data were analyzed using JMP v10 software (JMP, SAS Institute, Cary, North Carolina, USA). P<0.05 was considered to indicate statistically significant differences.
Results

Patient demographics.
The 107 subjects in this study included 83 men and 24 women, with a median age of 63 years (range, 20-84 years) ( Table I) . Of the 107 patients, 45 underwent total gastrectomy, 57 distal gastrectomy, 3 proximal gastrectomy, 1 gastrojejunostomy and 1 exploratory laparotomy.
Correlation between pZEB1 and clinicopathological factors. pZEB1 was technically detectable in all 107 patients by qPCR. The values ranged from 3.0x10 -6 to 7.0x10 -3 µg/µl (median, 1.2x10 -µg/µl). The pZEB1 cut-off point was set at the top quartile, which was 3.5x10 -4 µg/µl. Accordingly, patients with low pZEB1 expression (<3.5x10 -4 µg/µl) were assigned to the pZEB1 Low group (n=80), whereas those with high expression (≥3.5x10 -4 µg/µl) were assigned to the pZEB1 High group (n=27). The analysis of pZEB1 expression and various clinicopathological factors (Table II) revealed that pZEB1 was correlated with pathological T stage (P= 0.03) and vascular involvement (P= 0.03), but not with gender, age, tumor size, histological type, lymphatic vessel involvement, lymph node metastasis, liver metastasis, peritoneal dissemination, peritoneal washing cytology, or TNM stage.
Patient survival by pZEB1 expression. The survival curves of patients with gastric cancer by pZEB1 expression are presented in Fig. 1 . DSS was significantly lower in patients with pZEB1
High expression compared to those with pZEB1
Low expression. The Low and CY1̸pZEB1 High . In the CY0 group, DSS was significantly lower in the pZEB1
High group compared to that in the pZEB1
Low group. The 5-year survival rate was 48.7% in the CY0̸pZEB1
High group and 82.0% in the CY0̸pZEB1
Low group (P=0.01). In the CY1 group, DSS was also lower among patients with pZEB1
Low expression. The 5-year survival rate was 0% in the CY1̸pZEB1
High group and 9.3% in the CY1̸pZEB1 Low group (P= 0.13) (Fig. 2) .
pZEB1 as a predictor of recurrence after surgery. Among the 18 patients who developed recurrences after surgery, 10 patients had pZEB1
Low expression and 8 had pZEB1 High expression. The recurrence rate in the pZEB1
High group (8/27) was significantly higher compared to that in the pZEB1
Low group (10/80; P= 0.03, High expression compared to those with pZEB1 Low expression. (CY0 group, P= 0.01; CY1 group, P= 0.13). pZEB1, zinc-finger E-box binding homeobox 1 mRNA levels in peritoneal washing; CY0, negative cytology; CY1, positive cytology; NA, not applicable. Table IIIA) . Of these 18 patients 6 developed lymph node metastases, 6 peritoneal metastases, 5 liver metastases and 1 lung metastasis. Of the 6 patients with recurrent peritoneal metastases, 4 were in the pZEB1
High group (Table IIIB) . The characteristics of the 18 patients with pZEB1
High and CY0, excluding those with stage IV disease, are summarized in Table IV . Among these, 8 patients ultimately developed recurrent metastases (4 in the peritoneum, 2 in the liver and 2 in the lymph nodes).
Prognostic factors of gastric cancer patients by univariate
and multivariate analysis. The univariate analysis using the Cox proportional hazards model identified 9 prognostic factors, namely tumor size, T stage, histological type, lymph node metastasis, lymphatic vessel involvement, vascular involvement, peritoneal metastasis, liver metastasis and pZEB1 expression (Table V) . However, in the multivariate analysis of these parameters, pZEB1 was not identified as an independent predictor of DSS. Metastatic lymph nodes. pZEB1, zinc-finger E-box binding homeobox 1 mRNA levels in peritoneal washing; DFS, disease-free survival (in months).
Discussion
EMT is a process through which epithelial cells attain fibroblastic characteristics, which enable them to invade neighboring tissues (25, 26) . ETM is regulated by several transcription factors, including Snail, Slug, Twist, CarB-box-binding factor, mesenchyme forkhead 1, Krüppel-like factor and ZEB1 (26) (27) (28) (29) . ZEB1 is reportedly a key player in cancer progression (17, (30) (31) (32) . In particular, high expression of ZEB1 in endometrial and colorectal cancers and hepatocellular carcinoma has been associated with poor prognosis (15, 33, 34) . In gastric cancer, ZEB1 expression in cancer tissues has been identified as an independent prognostic factor (13, 14) . We have also reported a correlation between high ZEB1 expression and diffuse pathological cancer type (24) . However, the diffuse type is a known risk factor for peritoneal recurrence in gastric cancer, which supports the findings of Okugawa et al (13) , who reported that high ZEB1 expression is an independent factor for peritoneal carcinomatosis.
Comparisons of the expression of EMT markers in the primary tumor and corresponding lymph node metastases have been performed for several cancer types (35, 36, 37) . These studies demonstrated that the expression of EMT markers in mature metastatic lymph nodes was lower compared to that in the primary lesions; therefore it was hypothesized that mesenchymal-to-epithelial transition (MET), the reverse phenomenon of EMT, may occur at secondary metastatic sites before the metastasized cells develop into clinically significant metastatic lesions. However, Okugawa et al (13) observed through immunostaining that ZEB1 expression in the peritoneal metastatic sites exhibited the same pattern as that observed in the primary lesions. The role of EMT and MET in the development of peritoneal metastasis may be different from that of nodal metastasis and it may be of value to investigate the EMT status of intraperitoneal cancer cells that likely develop into visible peritoneal deposits. To the best of our knowledge, there are no available studies investigating pZEB1 in gastric cancer patients.
The major finding in this study was that pZEB1 expression was significantly associated with DSS and DFS in patients with gastric cancer. Furthermore, pZEB1 may be a more sensitive diagnostic tool for poor prognosis compared to conventional peritoneal washing cytology, as the RT-qPCR more sensitively detects intraperitoneal free cancer cells and also because positive pZEB1 reflects the capability of the primary tumor to disseminate ZEB1-positive mesenchymally transformed cells into the peritoneal cavity as well as through the hematogeneous and lymphatic metastatic pathways. Although ZEB1 expression in the primary lesion is already known as an independent prognostic factor (13, 14, 24) , pZEB1 expression may also represent a novel marker of a poorer prognosis.
However, our results failed to demonstrate statistical correlations between pZEB1 and peritoneal dissemination and peritoneal recurrence. As stated above, although local ZEB1 production by cancer cells in the peritoneal cavity is the most important factor in pZEB1 expression, the primary pZEB1-high tumor may disseminate metastatic and ZEB1-producing carcinoma cells to any other sites in the body, leading to various other types of metastasis and consequent cancer-related death. Thus, pZEB1 may be correlated with poor prognosis, but not necessarily with peritoneal dissemination. There is also a possibility that a proportion of the patients did actually harbor peritoneal recurrence, but its manifestation was preceded by other types of metastasis that were clinically more relevant. Further investigation is required to elucidate the mechanisms underlying pZEB1 expression in a large population with a long-term follow-up.
In conclusion, pZEB1 may be a predictive marker for poor prognosis or tumor aggressiveness in gastric cancer, similar to ZEB1 expression in primary lesions. pZEB1 may add valuable information to conventional peritoneal washing cytology and, thus, help with the selection of candidates for more aggressive chemotherapies. 
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